In view of the emotional model the influence issue of character factors has not been properly taken into consideration. This paper puts forward a kind of multi factor emotion mode which is based on the character, mood and emotion factors. Through analyzing the vicissitude process of the influence on the emotional factors and emotional state, the mapping of character, mood and emotion has been established, and the relations between the character and emotion, and the mood attenuation is studied, hence the multi model of the mood and emotion has be established. The data of the interaction of various emotions with each other during the fluctuation of the emotional states is obtained by experiments, and through the statistical analysis on the corresponding rules, the emotional affective factor matrix is generated, which is fused into the changes of the character and mood, emotional activation threshold and emotional interaction to set up the multi-layer emotion model. Finally, through the designed emotional prediction system and people's emotional understanding of the corresponding image comparison, the effectiveness of the proposed method in this paper is verified.
INTRODUCTION
Emotion is an inseparable part of the human intelligence, allowing the computer to have the capacity to identify, understand and express the emotions is a pretty challenging topic, which is the focus of the research on the emotion computing and artificial psychology (Choi, Ko and Han, 2012; Pagare and Patil, 2013; Rosa, Rodrigues and Basso, 2013) . Emotion is a process of random changes, which is affected by many factors, such as external stimuli, mood swings and so on, therefore, the establishment of a suitable computation model to describe the emotion is an urgent issue to be solved in the artificial emotion area, which is of important theoretical significance and application value for the human-computer interaction and the development of the emotional robot (Su, Wang, Lochovsky and Liu, 2012; Walun and Sadafale, 2013; Liu, Li, Tang, Jiang and Lu, 2014) .
In recent years, scholars of the psychology and computation science have set up several relevant models through the conduction of the research on the emotional modeling. According to the modeling method, these models can be divided into emotional model which is based on the cognition, emotional model and multi layer emotional model which is based on the probability. OCC (Ortony -Clore -Collins) model (Zhang, Li, Feng, Chernikov, Chrisochoides, Osgood and Ji, 2015) has divided the emotions into 22 kinds of state from the cognitive perspective that has triggered the emotions according to three aspects of evaluation standards of the events, actions and targets. This model is the first model that is easy to be implemented on the computer, hence it is quickly recognized by the computer scientists and psychologists. The Hidden Markov Model (HMM) is applied to the emotional modeling (Bruyère, Cooper, Pelletier, Branco, Brandi, Guillemin, Hochberg, Kanis, Kvien, Martel-Pelletier, Rizzoli, Silverman and Reginster, 2014; Salehi and Kamalabadi, 2013) , and there are two random processes in the HMM, one of which is the Markov chain, which describes the transition of state, described by the initial state distribution probability and the transition probability matrix, with the output of the state sequence; and the other of which gives the description of the corresponding relationship between the state and the observed value.
"Character -mood -emotion" multi-layer emotion model can better correlate people's character with the emotion, and successfully apply itin the application of virtual facial expression synthesis of human beings (Lee, Kaoli and Huang, 2014) . For the emotion model that is based on the emotional psychology, as it takes into account the influence of the mood on the fluctuation of the emotions, and through the establishment of the mapping of the emotion, mood and character, to build a multi-layer emotion model, and finally apply the facial expression synthesis to verify its effectiveness (Font, Serra and Serra, 2013; Ahn, Kim, Choi, Cho, Kim and Kim, 2012) . The emotion space which is constructed on the basis of the Breazeal theory has the innovative introduction of particle system into the emotional space, and realized the artificial emotion system based on the emotion model (Liu, Wu and Liu, 2013) .
To some extent, the aforementioned model can solve some issues in the specific field, however, there are still some insufficiency existing. The emotion model that is based on the cognition only takes into consideration the generation mechanism of the cognitive factors of the emotion itself, while does not take into account the non-cognitive factors of the emotion, such as the influence of the character and other factors (Liu, Wu and Liu, 2013) . Most of the emotion model that is based on the probability choose only a few emotions and study the generation and change of the emotions within the limited emotional space, which has caused the situation that the results generated by the same stimulus are always consistent, however, in reality, the results generated by the same stimulus on the mood of people at different time in different mood shall be different (Liu, Li, Tang, Jiang and Lu, 2014; Kim and El Saddik, 2013) . For some of the multi-layer emotion models, the processing of the multi-layer emotion model on the moods is relatively vague, which only roughly divides the moods into three categories of good, bad and neutral mood, hence it is neither very suitable for the description of the complicated mood of human beings, nor has the capacity to link people's character to the emotion very well, which, therefore, is lack of universality in application; The multi-layer model does not takes the interaction between the emotions into consideration, which cannot truly reflect the fluctuation and change of the variety of human emotions, therefore, does not have the practicability; The emotion model that is based on the particle system mainly simulates the physiological instinct reaction of the emotions, while does not takes the cognitive inference process of the emotions into consideration. Therefore, it is very necessary to put forward a new emotion model to solve these problems.
In this paper, on the basis of the existing work, the relationship between the character, mood and emotion is re-quantified, and a multi-layer emotion computation model that is based on the character, mood and emotional space is put forward. This model takes into account the influence of the interaction between the external stimuli, character, mood, the attenuation of the emotion on the fluctuation of the emotions, which can reflect the continuous fluctuations of a variety of emotions. The experimental results show that, this emotion model can better reflect the change laws of the human emotions.
RELATED DEFINITION OF THE EMOTIONAL MODEL
For the emotional space adopted in this paper, according to the emotion classification method of six emotions that is put forward by Ekman et al. with the dominant position in the field of psychology and engineering, the emotions are divided into six categories, which are expressed as a six dimensional vector , , , , , , ,
is corresponding to the open-mindedness, accountability, extraversion, agreeableness, and neuroticism in the characters. The PAD (pleasure -displeasure, arousal -non arousal, dominance -submissiveness) three-dimensional mood space model is applied, in which P represents the positive and negative features of the individual emotional state, A stands for the individual neural physiological activation level, and D represents the concept regarding to the mood of the individual to the scenario and the control state of other human being. The mood is expressed as a three dimensional vector ,,
is corresponding to the mood in the calm state. Human emotions are very complicated, even in the same time there may also be a variety of emotions. Especially when there are external stimuli and hence emotional state fluctuation occurs, the various kinds of emotions oftenhave interaction with each other, with influence on each other, some have restraints to each other, and some provide encouragement to each other. For example, when a person suffers from the sudden stimulation of sadness when he/she is happy, the intensity of the happy emotion will be decreased significantly.
According to the existing results of the research on this subject, the emotional influence factor matrix can be obtained as an influence factor for the model which is proposed in this paper. 
MAPPING BETWEEN THE CHARACTER, MOOD AND EMOTIONS

Mapping Between the Character and Mood
As the mood is a three dimensional space, and individual character space is a five dimensional space, therefore, the space transformation relations of the character and mood is established as *  
Mapping Between the Mood and Emotion
The emotional changes are affected by a lot of factors, including the mood states. With reference to the literature, this paper has presented the quantitative relationship between the three dimensional PAD space mood and the emotions, as shown in Table 1 . 
The mapping relations between the emotional change and the mood variables are defined as the following
, , , , , 
ESTABLISHMENT OF THE MULTI LAYER EMOTION MODEL
Due to the necessity to take the influence of the mood to the fluctuation of emotions into consideration in the modeling, multi-layer emotional model which is to be established in this paperis divided into two parts, which are the mood modeling and emotion modeling. The update in the intensity of mood shall consider the influence of the external stimuli on the mood, the influence of the emotions on the fluctuation of mood, as well as the self-attenuation of the mood. And the update of the intensity of the emotions shall consider effect of the external stimuli on the emotions, the impact of the mood to the fluctuation of emotions, the influence of the character on the fluctuation of emotions, as well as the interactions between the emotions.
Mood Updating Equation
The change of the mood state depends on the external stimulation and the character, at the same time with the change of time, the mood is also constantly fading. Assume that in time t the corresponding state of mood is the definition of the mood updating equation
In which, the mood of the last moment, and the intensity of the mood after the mood attenuation at the last moment; the influence component of the character to the state of mood; the emotional stimuli from the outside; the influence component of the external emotional stimuli to the mood Different external stimulation has different influence result on the mood, the influence of the external stimuli to the mood is defined as the influence coefficient of the external stimuli to the fluctuation of the mood, which shall be determined by the character; and the mapping matrix of the mood and emotions can be obtained the equation (2).
Update of Emotions
When stimulated by the external stimuli, the emotions will have fluctuation. There are a lot of factors that can influence the fluctuation of the emotions; in this paper, the factors that are taken into consideration include the self-attenuation of the emotions, the external stimulation, the influence of the mood on the fluctuation of emotions and the interactions between the emotions. When the external stimulation occurs, the definition of the emotion update equation (i.e., multi-layer emotion model) is the intensity of the emotions after the attenuation at the last moment; For the influence component of the external stimulation on the emotions, there are two kinds of computation methods: Computation based on Roseman et al. modification theoretical computation as well as the computation by means of the investigation and experiment; For the influence component of the current mood on the fluctuation of the emotions, the current state of mood can be obtained by equation (4), and by equation (3) the mood can be mapped to the emotion so as to obtain the following: For the interaction components between the emotions when undergoing the stimulated emotional change, wherein the emotion influence factor matrix can be obtained by equation (1). In this paper, it is defined as the following When there are no external stimuli, the fluctuation of the emotions is only subject to the self-attenuation of the emotions.
SIMULATION AND THE RESULT ANALYSIS
In order to verify the effectiveness of the multi-layer emotion model established in this paper, we have designed an emotion prediction system, which is applied to predict the emotional state of the user after browsing the multimedia materials, and its logical structure is shown in Figure 1 .
Figure 1.Main Module of the Emotion Prediction System
Simulation Data
In the simulation the stimulation materials adopted are the images which have been conducted by artificial tagging of emotions through the psychological experiment, the image data library includes two parts: 1) Chinese affective picture system (CAPS), in which there are 852 pictures, and in this system the face, environment and other aspects apply the pictures and images with the oriental elements; 2) Jia Li's 2,360 pictures, which are mainly applied in the image retrieval, tagging and other research fields, with certain authority, and each image is saved as JPEG format, with the size of 384 x256 and with tagging annotations.
Simulation Method
This paper adopts two methods for the simulation test. Method 1. For 1.400 volunteers, the emotion prediction system established in this paper is applied to conduct an experiment respectively, so as to obtain statistical data on the prediction accuracy of the system. Method 2. For 100 volunteers, the experiment is conducted for multiple times in a row, that is, the volunteers test their character, browsing the material and tagging the intensity of the emotions, then without logging out of the system, continue to browse the materials and conduct emotional tagging. After many times of consecutive emotional prediction in this manner, finally the statistical prediction accuracy of the system in the continuous experiments is calculated.
At the start of the experiment, the test objects shall calm their emotions, and login the system with a calm state. Start testing:
1) The test object takes the character test, and the system records the character data.
2) The test object watches the randomly selected images from the image library, and gives the feedback of the intensity of their emotions to the system.
3) The system calculates the intensity value of the emotions of the test object based on the user's character data and the existing intensity of the emotion of the image. 4) Comparison is made on the predicted emotional state of the system and the tagged real emotional state by the test object, so as to calculate the prediction accuracy of the system.
Result Analysis
Method 1 is applied to conduct emotion prediction on 400 test objects respectively, each person only takes one emotional prediction experiment, and it is defined as the following 100% = 
Number of Times of System Precise Prediction Prediction Accuracy Total Number of Times of System Prediction
The emotional prediction accuracy of Method 1 is shown in Figure 2，For example, for the first turning point as shown in the figure, the horizontal ordinate 50 indicates that there are 50 volunteers who have conducted the emotional prediction, and the longitudinal coordinate 0.74 indicates that the emotional prediction accuracy is 74%, that is, among the 50 times of predictions that the system has made, 37 times of predictions are accurate. The HMM prediction accuracy in Figure 2 is on the basis of the emotion model that is constructed in the literature, and obtained with the images as the external stimuli to conduct the emotional prediction. In which, the literature has illustrated the emotion space representation method that is based on HMM emotion model and the number of emotional states. The literature makes detailed introduce on the construction method of the emotional probability transition matrix. As can be seen from Figure, after 400 volunteers take the experiment, the accuracy of the prediction of the model proposed in this paper is stabilized at around 80%; And the prediction accuracy of HMM is less than 75%.
Figure 2.Relationship of the Number of Tests and the Emotional Prediction Accuracy
Method 2 is applied to conduct to 10 rounds of testing on 100 test objects, and the total number of predictions in each round of the experiments is 100, define
Number of Accurate Predictions Each Round Accuracy of Continous Prediction
Total Number of Precidtion of Round 100% =  Figure 3 shows the emotional prediction accuracy of Method 2. For example, in the third node in the figure, the horizontal ordinate 3 indicates that this is the emotional prediction of the third round, and the longitudinal coordinate indicates that the emotional prediction accuracy of this round is 82%, that is, among the 100 times of predictions that the system has made in this round, the times of accuracy is 82. As can be seen from Figure 3 , in the continuous testing conducted by the test objects, in the beginning the system prediction accuracy can reach as high as 80% and above, while with the continuation of the experiments, system prediction accuracy shows a slight downward trend, but the emotional prediction accuracy after 10 consecutive tests can still reach 75%; while the HMM accuracy has been stabilized between 60% ~75%.
The reason why the prediction accuracy of the system proposed in this paper has declination is that: The emotion tagging on the multimedia materials and the character test of the test objects is not accurate enough, resulting in some error existing when conducting the emotional prediction; And the error will accumulate constantly in the process of continuous experiments, making the prediction accuracy slightly declined. All of the aforementioned are what we need to improve in our subsequent work.
As can be known from the above experimental results, the emotional prediction system proposed in this paper has relatively high emotion prediction accuracy and good practicability; and the validity and rationality of multi-layer emotion model presented in this paper has also been verified.
Figure 3.Accuracy of System Continuous Prediction
CONCLUSION
On the basis of the existing character space, mood space and emotion space, this paper has established the mapping relationship between the character and mood space transition and the mood and emotion space, and has built the attenuation function for the mood and emotion; At the same time, the multiple aspects of the factors that influence the change of emotions have been taken into consideration, for example, the interaction between the character, mood and emotions, the self-attenuation of emotions, so as to construct a multi-layer emotion model, and through the experiment, the practicability and validity of the model is verified, which shall provide a new method for the robot emotion modeling.
